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= Research Highlights

Molecular and structural light adjustments protect plants

Miho Yoshioka-Nishimura at Okayama University
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summarises the latest progress in understanding at ]
the molecular level how plants respond to changes B
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“Light is necessary for photochemical reactions

of photosynthesis; however, light is one of the
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most fluctuating environmental factors in nature,” i 1\ c

explains Yoshioka-Nishimura in her mini review.
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She describes how plants adapt to harvest light L

more efflCIGIltly mn Shady COI]dlt]Ol’lS, as well as Structural changes of the thylakoid membranes under high light.
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which is accompanied by thylakoid swelling (lower]. The distance

structural — that protect plants from harsh hlgh between two adjacent thylakoid membranes and the width of the
. . L. lumen (Daum et al. 2010, Kirchhoff et al. 2011) are shown on the left
light intensities. side of the figure. Deg1, 5 and 8 are located on the lumenal side,

whereas Deg2 and 7 are peripherally attached to the stromal side of
thylakoid membranes. FtsH proteases bind to thylakoid membranes

A major cause of damage under over-exposure to with two transmembrane helices. Thylakoid swelling allows Degf1,
1. h . h . . . 5 and 8 to move freely within the thylakoid lumen. Under high light,
1Z t 1s the PrOdUCthﬂ of reactive oxXygen speciles Deg2, 7 and FtsH access the D1 protein in the grana region because

membrane stacking constraints dissipate.

(ROS) in the chloroplasts due to the over-reduction
of photosystem II (PSII) the main protein complex
involved in light-dependent oxygenic photosynthesis reactions. Specific enzymes, antioxidants and
pigments present in the chloroplasts can contribute to absorbing some of these ROS before they

damage key photosynthesis protein complexes.

However the structure of the cell components within the chloroplasts itself is key to its ability
to harvest light efficiently and conversely its susceptibility to light damage. Light-dependent
photosynthesis reactions occur within compartments bound by thylakoid membranes, which have
subdomains of flat grana thylakoids and linking stromal thylakoids. In plants that thrive in shaded
areas, the thylakoid grana are stacked, which facilitates energy transfer processes. In high light
conditions these grana can become unstacked and bent, which diminishes energy and electron carrier
transfer processes. The aqueous phase bound by the thylakoid (the lumen) also swells in response to

light and this can improve the mobility of enzymes that degrade and replace damaged proteins.

High light conditions can also lead to protein complex aggregation, diminishing their mobility. In
low light conditions this is reversed but if the over-exposure of light is too great and the aggregates

accumulate, and aggregation becomes irreversible. As Yoshioka-Nishimura points out in the article,
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“Membrane fluidity and mobility of proteins are crucial points for understanding the effects of light
stress on PSII at the molecular level.”
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